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Abstract
This paper is an ecological survey of a selected 28 acre piece of land in Northeast Ohio impacted
by the Emerald Ash Borer. This invasive species arrived in North America in 2002 and has since
spread throughout the country wreaking havoc on the ash tree population. The purpose of this
study is to determine what tree species are replacing the native ash trees in the succession of the
forest. In order to achieve this goal, a section of the selected land was blocked off and subdivided
into manageable sections to facilitate data collection, namely the location of the ash trees, their
condition, and the frequency of other tree species. Data was collected and interpreted to identify
what tree species were the most successful in replacing the ash trees. This information could help
show what the future of the property’s emerging forest may look like.

Keywords: Emerald Ash Borer, Agrilus planipennis Fairmarie, Ash, Fraxinus spp., forest
succession, ecological field study
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An Ecological Survey of Forest Succession in a Northeast Ohio Ecosystem Following an
Emerald Ash Borer Infestation
Ash Tree Background Information
The ash tree species Fraxinus spp. is a predominant component of North America’s
forests. These deciduous trees have “as many as 21 species” (Parsons, 2008) native to North
America and between 40 and 50 species worldwide (Atha & Boom, 2017). The native species
are spread across the country and account for 6 percent of the nation’s forest or some 8 billion
ash trees (Jonnes, 2016 p. 269). The ash tree can be identified by its opposite, compound leaves,
“bishop’s cap” type of terminal bud, and by winded samara seeds that resemble a canoe paddle
(Weeks & Weeks, 2010, p.74) The predominance of the tree can be attributed to the niche it fills
as an early pioneer stage tree. As a pioneer tree, it is one of the first trees to occupy a field or
young forest. The species covers a large area that spans nearly the entire country. Ash trees can
grow in differing levels of sunlight. The trees tends to thrive in areas with high levels of full
sunlight, however partial shade does not inhibit their growth. The Fraxinus spp. tends to prefer
moist soils that contain high levels of nitrogen and calcium. The importance of this tree can be
derived from its personal and commercial uses. It is a prominent landscape and shady cityscape
tree that replaced the native American elm trees following the Dutch elm disease. Ash’s hard,
straight grained wood is also sought after for its uses to make baseball bats, furniture, and
excellent firewood. Ash is a hardwood tree and it is close to the top of heat index along with
other hardwood trees such as the oak. Ash tree firewood is among the best wood to burn in
terms of its heat index measured in British Thermal Units (BTU’s). This thermal unit is the
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amount of energy required to heat one pound of water by one degree Fahrenheit. A cord of ash
(8ft long x 4 ft wide x 4 ft tall or 128 cubic feet) yields a heat index of 24.2 million BTU’s
(Kuhns, 2019). This is a respectable amount when compared with other tree species like the
White Pine whose heat capacity is 15.9 million BTU’s or Red Maple with 18.6 million BTU’s
(FirewoodForLife). It has many commercial uses, and a large number of the trees are dying due
to the Emerald Ash Borer, so it is important to find alternate uses or treatments for the trees.
A possible conservation-minded ecological solution to salvaging the ash trees is to use a
kiln to dry and treat the wood. This process would kill off the emerald ash borer or other insect
inhabitants. “Kiln drying becomes one of the most important processes for the efficient use of
wood products. Proper machining, gluing and finishing of wood are not possible until moisture
content is reduced to an appropriate amount” (Oklahoma Cooperative Extension Service, 2017).
Ash’s ability to be made into furniture and offering utility is greatly enhanced by this important
process. This process was tested by researchers Sobek, Rajamohan, Dillon, Cumming, and
Sinclair (2011) to determine the temperatures and duration that could kill off EAB larvae that
have infested the wood. During the kiln drying process the wood was heated to a temperature of
54 degrees celsius, which is just beneath the boiling point of water. Increasing it more than that
would ultimately lead to the combustion of the wooden material into flames. Treated ash wood is
allowed to be transported between states lines provided that it bears the stamp of approval if it
meets the International Plant Protection Convention (IPPC) standard for treatment procedures. A
stamp of approval would allow ash wood to be moved from an infested state to another state that
doesn’t have an EAB infestation. This would allow infested ash wood to offer some utility as
well besides its base use as firewood.
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Emerald Ash Borer
The emerald ash borer (EAB), Agrilus planipennis Fairmarie, is an invasive species of
beetle from the family Buprestidae that has caused widespread damage and destruction to ash
trees worldwide. The beetle was first discovered in North America in a southeastern Michigan
county in 2002 (Haack et al., 2002). In the months and years following its discovery the beetle
spread rapidly to neighboring counties and eventually was discovered in Ohio by February 2003.
The EAB originated in Southeast Asia and came to North America through wooden packaging
materials and shipping containers. The borer has been found spanning different continents from
Asia and North America, and even to Eastern Europe.
The emerald ash borer has some defining characteristics that can help with its
identification. The beetle can be identified primarily by its “bright, metallic emerald green color”
as well as being “the only Agrilus species in North America that has the dorsal surface of the
abdomen bright metallic red” (Parsons, 2008). The EAB is normally between 10 and 13 mm or
about half an inch long. The EAB lays its eggs on the ash trees where it then begins to develop.
The beetle goes through four phases of development ,or instars, as larvae. Following this, the
EAB larvae overwinter once or twice in prepupa cells in order to complete their development.
The time differences for the larvae’s development is mostly dependant on the average
temperature of the climate the beetle occupies (Orlova-Bienkowskaja & Bienkowski, 2016). The
widespread prevalence of this invasive species can be attributed to the range of climates it can
endure due to its ability to overwinter during development. It is during these developmental
periods that the larvae begin to tunnel through and feed upon the cambium layer of the tree just
beneath the bark. This tunneling process disrupts the xylem and phloem which act as the trees’
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infrastructure to transport water and nutrients. The damaging of these structures inhibits the trees
vital ability to send nutrients from the branches to the roots and vice versa. The near inevitable
outcome is dying branches, loss of the tree’s canopy, and an early death over the course of
several years. “Healthy ash trees infested by the emerald ash borer can suffer greater than 99%
mortality within six years of initial infestation” (Knight et al, 2013; Hanavan & Heuss, 2019, p.
132). It has been estimated that the emerald ash borer will wipe out the 21 species of ash trees in
North America including the 3.8 billion ash trees in Ohio (Jonnes, 2016, p. 262).
Succession
When Ohio was settled during the 1700 and 1800s, the state’s landmass was covered with
towering forests that totaled upwards of 95 percent of the state’s total area (Ohio Department of
Natural Resources, 2019). These forests were clear cut and turned into farmland to grow food for
the state’s and nation's growing population. At this point in the present day, forests only cover 30
percent of the landmass or 8 million total acres (Ohio Division of Forestry, 2017). In these
forests the ash trees account for 3.8 billion trees, or about one in ten trees in Ohio. This number
has been rapidly decreasing due to the introduction of the emerald ash borer to Ohio discovered
in February 2003. The beetle has since spread to the majority of the state and has inflicted a high
mortality rate on the native ash tree population. The high death rate of the ash trees will change
the composition of Ohio’s forests. The process of new species replacing old ones or damaged
ones is called succession. One of the first people to utilize this term was the Transcendentalist
Henry David Thoreau in his work The Succession of Trees. He used it to describe the
replacement of felled coniferous trees in New England with deciduous hardwood trees. The term,
along with the lands of America, have changed since then. The definition of succession has now
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been refined to mean “the sequence of plant, animal, and microbial communities that
successively occupy an area over a period of time” (Kimmins, 1997, p. 400). Succession is one
of the most developed and widely studied pillars of the ecology field. There are many different
kinds of succession but the two main subtypes are primary and secondary succession. The former
refers to initial habitation of a barren ecosystem by different species. The latter refers to the
replacement of one species by others following a disruption in an established ecosystem. Such
examples include landslides, fires, floods, mankind, or in the case of the Ohio ash trees, insect
agents like the emerald ash borer. The subtype of succession witnessed with the invasion of the
EAB is more specifically called biogenic succession, which “occurs when there is a sudden
interference with an autogenic (biotic) or allogeneic (abiotic) succession by a living organism
which become the major agent of successional change, at least temporarily” (Kimmins, 1997, p.
400). By this definition, the impact of the emerald ash borer acts as the sudden interference in an
ecosystem and leads to a major change in the normal expectations of forest succession.
Succession is also further broken down into different temporal stages. The seral stages of
succession according to the British Columbia Ministry of Forests Research Program are the
Establishment stage (early/young seral), Thinning Stage (mid seral), Transition Stage (mature
seral), and the Shifting Mosaic or Climax stage (old seral) (Bannerman, 1998, p.4-6). Each stage
is generally marked by a range of species or events that arise at the different stages. For example,
in the Establishment stage, early pioneer herbs, shrubs, and shade intolerant trees are among the
first established species. During the Thinning stage, the canopy closes and consolidates which
leads to the mortality of understory trees and shrubs that are dependant upon full sunlight. The
shade tolerant trees continue to grow and eventually become part of the canopy as well. The
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Transition stage is the time period that it takes for the final stable Climax stage to be established.
This could take anywhere from less than one hundred years up to a thousand. (Bannerman, 1998,
p. 5). According to Sharpe, he vast number of environmental factors including “Wildfire,
disease, animals, wind,... soil moisture, light and nutrients” composing the ecosystem are
different depending upon the climate and location of the biome (1976, p.185). These differences
can make the “stages of succession difficult to distinguish” (Sharpe, 1976, p. 185). The purpose
of this study is to learn about the emerald ash borer’s impact on a native northeast Ohio forest,
and to see what, if any trees will become the next established trees in the absence of the ash. This
information could provide valuable insight into what the composition of the forest on the
selected 28 acre plot of land could look like in years to come. It is also possible that the findings
from this study could confirm past research and be built upon in different parts of the state.
Materials and Methods
A 28 acre parcel of land located in Northeast Ohio was selected to be the location of this
project’s field work with the permission of the landowner. This region can be classified as part of
a temperate deciduous forest biome and is predominantly marked by having four seasons. The
property itself has several different ecosystems including a grassland, a swamp, fields, and a
deciduous forest. The ecosystem chosen to be the focus of the project was the late field or an
early establishment seral stage. This project’s methodology can be broken down into these
distinct phases: Location and Identification, Grid Creation, and Data Collection.
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Location and Identification
Within the 28 acre property in Northeast Ohio, an area of land was selected for the
study’s field work. The area was primarily selected based upon the location of the ash trees. The
ash trees were identified using a combination of three books (Brockman, 1968; Symonds, 1963;
and Harlow, 1957) and were confirmed to be the subspecies of ash called Fraxinus americana or
White Ash. The majority of them displayed symptoms in agreement with an emerald ash borer
infestation namely visible D-shaped emergence holes, the presence of larval tunneling on
exposed bark, in addition to epicormic shoots emerging from the base of the trunk on a couple of
the trees. (See Figures 2,3,and 4). Upon locating these subject trees, an area was selected to be
partitioned off to use for the field work. The fieldwork consisted of the creation of a grid system
to allow for the future identification and classification of the other tree species with a contained
area.
Grid Creation
The subject area was divided using the “quadrat sampling” method described in
Wheater’s Practical Field Ecology handbook (2011, p. 73). A quadrat is defined as “ a square
that is used to simply define an area within which you can estimate density, frequency, cover or
biomass of the organisms being studied” (Wheater, 201, p. 75). The shapes of the quadrat can
vary from circles to squares depending upon the selected land and species of interest. For this
study, a rectangular blocked area called a subdivided quadrat was utilized. The total rectangular
area was measured to be 100 ft x 50 ft using a piece of rope that was marked at 25 ft with a
permanent marker. The rope length was measured with a measuring tape for accuracy. The main
section was further subdivided into eight equally sized 25x25 ft quadrats using the same piece of
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rope for consistency. Each of these quadrats yielded 625 sq. feet. A combination of fifteen 3 ft
stakes and fluorescent flagging tape were placed at the corners of the eight quadrats to clearly
define the quadrats for the extended duration of the project. The recommended quadrat size for a
woodland canopy is 20x20 meters or roughly 65x65 feet (Wheater, 2011, p. 80). This size was
modified to correspond with the type of land surveyed. In this case, a late field with a moderate
density of early stage trees and shrubs. The shape of a rectangle also was selected based upon the
landscape and railroad tracks that made the eastern boundary. The quadrats were labeled and
classified as shown in Figure 1.
Q2

Q4

Q6

Q8

Q1

Q3

Q5

Q7

Figure 1. Q
 uadrat Organization
Data Collection
Upon the completion of the grid system, an equivalent grid was mapped onto graph paper
to assist in the recording of the tree specimens. A walk through of the quadrats was completed
with the landowner who also assisted with the preliminary identification of the various trees. The
same three tree and shrub identification books (Brockman,1968; Symonds, 1963; and Harlow,
1957) were used to supplement and assist in the confirmation of the base identification of each of
the different species. A list of species found within each of the different quadrats was recorded
along with the frequencies of their presence and distribution. (See Tables 1 and 2).
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Observations and Discussion
A total of 29 ash trees were found across all eight quadrats and there was a mix of alive
and dead trees, as recorded in Table 1.
Table 1
Ash Tree Condition and Quadrat Distribution
Condition

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Alive (+)
Dead (-)
Total #

0
0
0

1
2
3

1
1
2

2
8
10

0
0
0

0
4
4

0
1
1

4
5
9

Total
#
8
21
29

Note. Alive (+) trees did not display the symptoms associated with an EAB infestation. The
Dead (-) trees all had symptoms consistent with the presence of the EAB including blonding of
the bark from woodpeckers, D-shaped exit holes, visible tunneling from EAB larvae, lack of
leaves, and most displayed epicormic shoots.

The majority of them were dead and displayed symptoms of an emerald ash borer
infestation like D-shaped emergence holes and visible larval tunneling as shown in Figures 2 and
3.
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Figure 2. D-shaped emergence hole.

Figure 3. Tunneling by the EAB larvae on the exposed cambral tree layer.
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It was interesting to note the lack of ash saplings. This can largely be attributed to a stress
response system of the tree. If the ash trees goes through a prolonged period of stress, they tend
to halt leaf production. Due to the lack of sugar and energy, the tree forgoes seed production in
order to conserve energy. Since the tree lacks the energy to produce viable reproductive and
regenerative seeds, it focuses instead on preserving the parent tree by means of epicormic shoots
that emerge from the base of the trunk. The presence of the epicormic shoots as shown in Figure
4 indicate that the tree’s normal photosynthesis process has been crippled. These shoots are the
regenerative response from the largely intact root system to keep the tree alive. The downside of
this type of regeneration is that that if the main parent part of the tree is infested, then the shoots
are likely become infested in time.

Figure 4. Epicormic shoots sprouting from the trunk.
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Table 2 shows the identified species and their frequencies as recorded during the field
work of the surveyed area. There was a high number of the Rosaceae or Rose family which
includes the Downy Serviceberry, Downy Hawthorn, and Ornamental Cleveland Pear compared
to the other species.

Table 2
Identified Species Frequency and Quadrat Distribution
Species

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Q8

1 D.Hw.
2 Gs D
3 W. P.
4 S.P.
5 O.C.P
6 A.O.
7 N.S.
8 D.SB
9 H.S.
10 C.BT

5
1
1
4
45
10
0
0
0
0

3
0
0
4
16
7
0
39
0
0

2
0
0
1
23
6
3
16
0
0

4
0
0
1
31
8
0
54
0
0

3
0
0
5
31
0
4
7
0
0

5
0
0
2
11
0
0
16
1
0

11
5
1
3
8
0
3
35
0
0

3
6
0
2
8
0
0
27
0
3

Total
#
36
12
2
22
173
31
10
194
1
3

Note. Tree Species: 1. Downy Hawthorn, Crataegus molis  2. Grey stemmed Dogwood, Cornus
racemosa 3. White Pine, Pinus strobus 4. Scots Pine, Pinus sylvestris 5. Ornamental Cleveland
Pear, Cleveland Select, Pyrus calleryana 6. Autumn Olive, Elaeagnus umbellata 7. Norway
Spruce, Picea Abies 8. Downy Serviceberry, Amelanchier arborea 9. Amur Honeysuckle,
Lonicera maackii 10. Common Buckthorn, Rhamnus cathartica

The Rose family was present in every quadrat and thus had a high percentage of
representation, as seen in Table 3. The prevalence of these species’ seedlings can be attributed to
the success of their seed production and dispersal methods.
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Table 3
Species Prevalence Across The 8 Quadrats
Species
Downy
Hawthorn
Grey Stemmed
Dogwood
White Pine
Scots Pine
Cleveland Pear
Autumn Olive
Norway Spruce
Downy
Serviceberry
A. Honeysuckle
C. Buckthorn

Percentage of
Representation
100

Quadrats present
8

37.5

3

25
100
100
50
37.5
87.5

2
8
8
4
3
7

12.5
12.5

1
1

Note. This table shows the percentage of representation of each of the classified species across
the total number of quadrats.

Among the Cleveland Pear, Hawthorn, and Serviceberry there was a lack of a mature
parent tree within the 5,000 square feet examined for this study. It is currently unknown how far
away the nearest parent tree stands. The dispersal of the seeds are usually assisted by natural
forces, primarily wind. The seed dispersal for these three fruit bearing shrub are also assisted by
birds and other animals that consume them and let them pass through their digestive system
before being left behind in a new location. The amount of displacement from this process can be
difficult to determine due to varying patterns of movement and behavior exhibited by the animals
(Cousens, Dytham, & Law, 2011, p. 58).
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In addition to the large amount of Rosaceae species, the second most numerous type of
tree were the coniferous trees. The Scots Pine, Pinus sylvestris, was the prominent pine found in
the sampled area with 100 percent representation across quadrats, again shown in Table 3. The
high frequency of these two groups of trees can be indicative of future successional stage
progression from the late field and early forest to an older, mature forest. For these seral stages it
follows that a pioneer or early establishment tree populates the field and then over time creates
the understory of an early forest. It the case of this plot of land, the Rosaceae family trees will
primary become the understory trees.
Discussion
At this current stage, the surveyed area is in the Establishment or early seral stage. As
the trees and shrubs continue to grow and go through the Transitional stage, a number of shade
intolerant trees will die. In this case, it will primarily be the Rosaceae Family due to their lacking
shade tolerance. As these trees start to die out the already established conifers, who are
predominantly shade tolerant, will continue to grow and become the main canopy of the forest
during the mid or mature seral stages. This process may occur as soon as during the next 50
years or longer over the course of 200 years. Further in the future during the old growth phase,
the forest in the area surveyed will prominently consists of mature conifer trees.
These findings indicate that fruit bearing and conifer species will become the prevalent
primary successors of the ash trees based upon the frequencies species of the saplings found.
This may highlight what the future of the property’s forest will resemble. It will be interesting to
see in the future if the destruction of the ash trees will lead to an increase of diversity in Ohio’s
forests or greater homogeneity. At this point, the data seems to indicate towards the
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diversification or heterogeneity of the surveyed area at least with the pioneer trees and shrubs
species. This may ultimately change during the transition period to an old forest. During the
transitional stage, we can expect the overall diversity to decrease.
Conclusion
The introduction of the emerald ash borer to North America has caused a catastrophic
amount of damage nationwide. “The estimated damages and management costs across twenty
five states could total up to 10.7 billion dollars” (Havanan, 2019 p.133). Over the years the war
against the emerald ash borer has also used a vast amount of resources. The amount of funding
from the United States Department of Agriculture- Animal and Plant Health Inspection Service
to combat the borer was once near 42 million dollars in 2004 but has since dropped to 7 million
dollars by 2015 (Campbell, 2017). The money that is currently allocated is primarily granted to
research institutions to either try and develop a resistant hybrid ash tree or to find a viable
treatment that could stave off the EAB. Currently a treatment known as Emamectin Benzoate or
Tree-Age has been used successfully to help lower the amount of ash borer larvae found in the
treated trees (Hanavan, 2019, p. 132). This treatment has been shown to be effective for a two to
three year period. It would be interesting to do a follow up to this study to see if this extended
time period would be enough for the ash tree to produce viable seeds again that would lead to the
regeneration of the species.
The destruction caused by the emerald ash borer is part of the long line of invasive
species that have affected the composition North America’s forests. Native chestnut and elm
trees were affected which lead to the rise of the ash trees. The silver lining to the emerald ash
borer’s spread and widespread destruction is that it has led to an increase in the amount of
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research into understanding invasive species, discovering ways to combat their spread, and the
development of resistant trees.
The impact of the beetle has ultimately led to a heightened awareness of invasive species
and the destruction that they can cause. A new invasive species, called the Spotted Lanternfly,
Lycorma delicatula, h as already been discovered in Ohio’s neighboring state of Pennsylvania.
This species would threaten 40 percent of Ohio’s hardwood forests should it cross the state
border (United States Department of Agriculture, 2017, p. 4). The threat of this new species has
already lead to a quarantine of the Lanternfly, comparable to the quarantine that was used in the
early stages to try and prevent the emerald ash borer’s spread. Another silver lining left by the
emerald ash borer is the development of the resource sharing and informational networks used to
increase the amount of research and share it between states. This connection can potentially lead
to the finding of a solution for how to prevent the spread and impending damage from these
invasive species.
The end result of this ecological survey has been the general confirmation that
“successional change towards a conifer forest can be hastened by the removal of an earlier
hardwood seral stage tree by insects or disease organisms” (Kimmins, 1997, p.400-401) at least
in the area of study. The death of the native ash trees has also led to the rise in diversity of other
species which can also been seen in this survey’s results at least for the immediate, 30-50 year
time frame. One could expect the amount of diversity to decrease during the transition of the
earlier serial successional stages to older, mature stages.
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Final Remarks and Acknowledgements
I would like to take a moment to recognize the limited scope of this ecological survey. I
had originally planned to sample three different ash tree populations and the surrounding species,
but due to time constraints and the high density of multiflora rose it had to be reduced to one. I
would like to invite others interested in succession to help expand the research on the subject. I
am grateful for the opportunity to work on this research paper. The time that I spend gaining
knowledge, conducting field work, and then synthesizing it all into this final paper was time well
spent. I would also like to take the time to thank my sponsor, Dr. deChambeau, my advisors and
readers, Dr. Kaut, Dr. Waehler, and Dr. Tokar, as well as all the family and friends that are like
family who supported me along the way, and to you the reader for giving me a moment of your
time.
Thank You all,
Joseph Carlton Carlos Haas
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